The carnivore connection to nutrition in cats I n another time long ago, Leonardo da Vinci said, "The smallest feline is a masterpiece." 1 And for those of us who marvel at the wonder that is a cat, there is no doubt that his statement was remarkable for its simplicity as well as its truth. Cats are amazing creatures, unique and interesting in almost every way imaginable. Despite this, it has been common for veterinarians to consider cats and dogs as similar beings for anesthesia protocols, clinical diseases, and treatments. However, it is quite clear that cats are unique in all conceivable ways, particularly in their nutritional biochemistry. Cats are strict carnivores that rely on nutrients in animal tissues to meet their specific and unique nutritional requirements. This statement is news to few, yet the importance of these nutritional differences is often underestimated, especially during periods when cats are ill or have prolonged anorexia. In their natural habitat, cats consume prey high in protein with moderate amounts of fat and minimal amounts of carbohydrate (CHO); thus, they are metabolically adapted for higher metabolism of proteins and lower utilization of CHOs (starch, not soluble or insoluble fiber) than dogs or other omnivores. Although cats can use CHOs as a source of metabolic energy, they have limited ability to spare protein utilization by using CHOs instead. Nevertheless, commercial diets are formulated with a mixture of animal-and plant-derived nutrients, most commonly in dry kibble form that requires CHOs for the expansion and cooking process, to provide easy-touse food for domestic cats. And although cats have adjusted to most manufactured diets, the limitations of substituting animal-origin nutrients with plant-origin nutrients in foods formulated for cats are being increasingly realized.
The information reported here is an attempt to describe what it means metabolically and nutritionally to be a strict carnivore, with a focus on differences in nutritional biochemistry of cats. In addition, information is included on possible roles of nutrition in the development of obesity, idiopathic hepatic lipidosis (IHL), inflammatory bowel disease, and diabetes mellitus in cats.
Protein
The natural diet of cats in the wild is a meat-based regimen (eg, rodents, birds) that contains little CHO; thus, cats are metabolically adapted to preferentially use protein and fat as energy sources (Appendix 1). This evolutionary difference in energy metabolism mandates cats to use protein for maintenance of blood glucose concentrations even when sources of protein in the diet are limiting. 2 The substantial difference in protein requirements between cats and omnivores, such as dogs, serves to illustrate this important metabolic distinction. For example, whereas the protein requirement of kittens is 1.5 times that of the young of other species, adult cats require 2 to 3 times more protein in their diet than adults of omnivorous species. 2, 4 The fact that cats have such a greater dietary protein requirement, compared to dogs, necessitates that cats must have a higher basal requirement for nitrogen (protein) or an increased requirement for essential amino acids. In the case of adult cats, the increased protein requirement is attributable to both; however, the requirement for essential amino acids in kittens is similar to that of the young of other species, 5 so a higher basal requirement for nitrogen is suggested to play the largest role in kittens.
Several possible reasons exist for the increased need for protein, but the fact that cats depend on protein for energy as well as structural and synthetic purposes is a major component. When fed a low-protein diet, most omnivores conserve amino acids by reducing the activities of aminotransferases and other enzymes involved in protein catabolism. 6, 7 However, in a classic study, 8 cats were fed diets low (170 g/kg [77 g/lb] of body weight) and high (700 g/kg [318 g/lb] of body weight) in protein to determine whether they responded to low-protein conditions in a manner similar to that of omnivorous species. Regardless of whether cats were fed low or high amounts of dietary protein, there was little adaptation in the activities of the aminotransferases or urea cycle enzymes. 8 In another study, 9 it was suggested that cats have a limited ability to adjust protein utilization to the amount of protein in their diets; however, the primary finding in that study was that protein oxidation increased in cats
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The JAVMA welcomes contributions to this feature. Articles submitted for publication will be fully reviewed with the American College of Veterinary Nutrition (ACVN) acting in an advisory capacity to the editors. Inquiries should be sent to Dr. John E. Bauer fed high-protein diets. Protein oxidation did not decrease in cats fed diets with moderate amounts of protein (low-protein diets were not evaluated). 9 Nevertheless, those studies document that cats continue to use protein (eg, dispensable nitrogen in the form of gluconeogenic amino acids) for production of energy and in other metabolic pathways (eg, urea cycle), even in the face of low availability of proteins. These increased protein requirements are an important reason why protein malnutrition can occur more quickly in sick, injured, or anorectic cats.
In addition to their increased need for dispensable protein, cats also have need for increased amounts of specific amino acids in their diet: taurine, arginine, methionine, and cysteine. 2 These specific amino acid requirements of cats have likely been determined on the basis that their natural diet contains an abundance of each of these specific amino acids (in addition to 11 essential amino acids; Appendix 2). The likely reason that synthetic pathways for these amino acids, which are found in omnivorous species, are not found in cats is that they are redundant and, thus, energy inefficient. Furthermore, even though cats do not have the ability to synthesize these amino acids, the amino acids are not conserved. In fact, utilization of these amino acids (taurine, arginine, methionine, and cysteine) is higher in cats than in dogs or other animals.
Taurine is a sulfur-containing β amino acid that is not incorporated into proteins or degraded by mammalian tissues; however, it is essential for vision, cardiac muscle function, and proper function of the nervous, reproductive, and immune systems. 2 Taurine is essential in cats because they cannot synthesize adequate quantities from the typical precursors (ie, methionine or cysteine). Enzymes required for synthesis of taurine (eg, cysteine dioxygenase and cysteine sulfinic acid decarboxylase) are only minimally active in cats. 10 Furthermore, cats have a constant and obligate loss of taurine into bile, because they conjugate bile acids only with taurine. 10 Complicating matters, the requirement for taurine in cats is influenced by many factors including, but not limited to, the source of protein (ie, taurine is found in animal-source proteins but must be supplemented when plant-source proteins are used in the diet), commercial processing (heat processing reduces taurine bioavailability 11 ), content of sulfur-containing amino acids in the diet (taurine is synthesized from sulfur-containing amino acids [methionine and cysteine], although cats cannot meet their needs via this pathway 4 ), and amount of dietary fiber (diets high in fiber increase the need for taurine 12 ). Prolonged (ie, a period of several months) deficiency of taurine is required before clinical signs appear in most cats. The most common signs of deficiency are blindness (central retinal degeneration), reproductive failure or neonatal loss, and development of dilated cardiomyopathy.
2,10 Diagnosis of taurine deficiency in cats is confirmed by measurement of taurine concentrations in blood. Taurine concentrations in the blood reflect tissue taurine status better than do taurine concentrations in plasma, which can be affected by release of cellular taurine (especially from platelets). 2 The reference range for concentrations of taurine in healthy cats is > 300 nmol/mL, with concentrations < 160 nmol/mL consistent with deficiency. 2 Arginine is an essential amino acid in dogs and cats; however, in contrast to dogs, cats are unable to synthesize sufficient amounts of ornithine or citrulline for conversion to arginine. Thus, it must be available in their diet. 13, 14 In addition, cats continually use large amounts of arginine in the urea cycle, because this cycle is not down-regulated in cats during periods when food is withheld or in cats consuming low-protein diets. 4, 7 Cats and kittens fed a diet devoid of arginine have clinical signs of hyperammonemia (eg, salivation, neurologic abnormalities, hyperesthesia, emesis, tetany, and coma) within hours, and the condition may progress to death. 13, 14 Fortunately, arginine and citrulline are abundant in animal tissues; thus, arginine deficiency is rare in cats consuming appropriate foods. However, arginine supplementation must be used to avoid a deficiency in cats fed diets with plant-origin protein sources. Arginine supplements should also be considered in anorectic cats with IHL, because a deficiency of arginine may be responsible for some of the clinical signs observed in cats with this disease. The dose of arginine that will benefit cats with IHL is unknown, but 250 mg of arginine/d is recommended.
Cats also have a higher requirement for methionine and cysteine in their diet than dogs or other omnivores. 2, 15 Although there are numerous explanations for this increased requirement, 1 major reason is that methionine and cysteine are gluconeogenic amino acids in cats that are catabolized to pyruvate and then subsequently oxidized to provide energy (Appendix 2). In dogs and other animals, methionine and cysteine have many uses but are primarily converted to taurine, homocysteine, and S-adenosyl-methionine and its metabolites (eg, glutathione), which are important antioxidants and scavengers of free radicals (Fig 1) . 2, 4, 16, 17 In addition to the aforementioned pathways, the requirement for cysteine is high in cats for production of hair and felinine, a sulfur-containing amino acid found in the urine of cats. 18 The highest concentrations of felinine are found in sexually intact male cats (95 mg of felinine excreted/24 h), with significantly lower concentrations in neutered males (29 mg/24 h), sexually intact females (19 mg/24 h), and spayed females (13 mg/24 h). 18 Thus, dietary requirements for cysteine in sexually intact male cats is substantially higher than in neutered male cats or female cats. The function of felinine is largely unknown, but it may be important in territorial marking. Additionally, the high rate of felinine excretion in male cats creates another protein sink. 18 Methionine and cysteine are found in large quantities in animal tissues, so deficiency is uncommon in cats consuming an appropriate diet. However, deficiencies may develop in anorectic cats, cats fed diets that contain plant-origin proteins, or cats fed enteral formulations created for use in humans, which are deficient in amino acids required by cats. Methionine or cysteine deficiencies are often initially seen clinically as poor growth in kittens or crusting dermatoses and poor pelage in adult cats. 2 Tyrosine, an amino acid that is not essential for other species, is considered to be conditionally essen-tial for cats. It has an important role in the synthesis and homeostasis of melanin, which is found in black hair and skin pigment. Tyrosine is synthesized from phenylalanine, an amino acid contained in many proteins, but diets of cats may not contain quantities sufficient to support tyrosine and, subsequently, melanin synthesis. As a result, tyrosine deficiency is most commonly observed in black cats whose hair becomes reddish-brown. 19 This effect can be reversed in cats fed diets that contain increased concentrations of tyrosine, which include diets high in animal-source proteins. 19 Tyrosine is an excellent example of a nonessential amino acid that may become deficient in cats because of an increase in the use of tyrosine for production of hair or an increase in the use of its precursor, phenylalanine, for nonessential (degradative) functions.
Carnitine metabolism in cats has received a lot of attention for its potential role in treating IHL 20 and enhancing weight loss. 21 Carnitine is an amino-groupcontaining, vitamin-like substance that is increasingly being considered as conditionally essential. However, there have not been any recommendations from the Association of American Feed Control Officials (AAFCO) or the National Research Council concerning carnitine in the diet of cats. Prior to 2002, carnitine was not an AAFCO-approved ingredient in foods formulated for pets. Thus, prior to this time, foods formulated for pets could not legally be fortified with carnitine. One major role for carnitine is transport of fatty acyl CoA compounds from the mitochondrial cytosol into the nucleus, thus making them available for β oxidation. 22, 23 Cats are able to synthesize carnitine from lysine and methionine; the major dietary source of lysine and methionine is meat and dairy proteins. 23 Carnitine is synthesized in the kidneys of cats, whereas it is synthesized in the liver of dogs and other animals. Carnitine synthesis requires several B vitamins and iron; thus, synthesis may be limited in sick, anorectic cats. 23 In humans, carnitine deficiency (relative or absolute) causes hepatic lipid accumulation and liver dysfunction. 24 A similar connection is being investigated in cats with IHL, with current evidence suggesting that use of supplemental carnitine hastens recovery and improves survival in affected cats. 20 Carnitine also increases lean muscle mass and enhances weight loss in obese cats. 21 Although additional investigations are necessary to elucidate its entire role, supplemental carnitine (250 to 500 mg of carnitine/d) is recommended for obese cats and cats with IHL.
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Carbohydrates and Fats
It is clear that cats have a greater need than dogs or other omnivores for protein in their diet. Cats also have several physiologic adaptations that reflect their expected low CHO intake. The first of these is that cats lack salivary amylase, the enzyme responsible for initiating CHO digestion. 25 In addition, cats also have low activities of intestinal and pancreatic amylase and reduced activities of intestinal disaccharidases that break down CHOs in the small intestines. 25, 26 These specific differences do not mean cats cannot use starch. In fact, cats are extremely efficient in their use of simple sugars. However, it does underscore their development as carnivores and the expected low amounts of grain in their typical diet. These digestive differences may mean that high amounts of CHO in diets may have untoward effects on cats. For example, high amounts of CHO in diets decrease protein digestibility in cats because of a combination of factors, including increased passage rate. 27 Increased amounts of CHO in diets also causes a reduction in fecal pH in cats, which is caused by incomplete CHO fermentation in the small intestines that results in increased microbial fermentation in the colon and increased production of organic acids. 27 In cats, the liver also has several distinct features that influence disaccharide metabolism. In most animals, hepatic hexokinase (a constitutive enzyme) and glucokinase (an inducible enzyme) are active and responsible for phosphorylation of glucose for storage or oxidation. Cats differ in that they have minimal function of hepatic glucokinase, and the activity is not adaptive (ie, activity cannot be up-regulated when the diet contains large amounts of CHO). 28, 29 In addition, cats also have minimal activity of hepatic glycogen synthetase (the enzyme responsible for converting glucose to glycogen for storage in the liver).
2 Again, the likely reason for low hepatic glucokinase and glycogen synthetase activity in cats is a metabolic program that uses gluconeogenic amino acids and fat, rather than starch, in their diet for energy. As a result, cats have limited ability to rapidly minimize hyperglycemia from a large dietary glucose load. In carnivores, blood glucose concentrations are more consistent (eg, less postprandial fluctuations), because glucose is released in small continuous boluses over a longer time frame as a result of gluconeogenic catabolism of proteins. Thus, additional starch in the diet that is not stored as muscle glycogen or used for energy is stored as fat. The liver in cats also does not contain fructokinase, an enzyme necessary for metabolism of simple sugars. Lack of this enzyme was documented in a study 30 in which cats that consumed diets high in simple sugars became hyperglycemic and fructosuric. Finally, most cats are not attracted to foods with a sweet taste, which is in contrast to taste preferences of dogs and people. Cats apparently prefer foods flavored with animal products (eg, fats, meats). This difference in food preference is especially important when choosing a food to stimulate appetite in anorectic cats.
In the diet of carnivores, fat typically provides most of the fuel for energy, but it is also important for increasing the palatability and acceptance of food. 4, 31 Meat-based diets, which also contain animal fat, supply essential fatty acids to cats, including linoleic, linolenic, arachidonic acid, and some eicosotrienoic acid. 31 Most species can convert linoleic acid to arachidonic acid, the primary precursor for the 2-series prostaglandins, leukotrienes, and thromboxanes. They also can convert α-linolenic acid to eicosapentaenoic and docosahexaenoic acids through desaturation and elongation pathways. Cats lack adequate hepatic ∆-6-desaturase activity and other hepatic desaturases, all of which are required for synthesis of arachidonic acid and eicosapentaenoate and docosahexaenoate. 31, 32 Similar to the situation for many other nutrients, cats do not have the enzymatic machinery to synthesize derivatives of arachidonic acid, probably because the end products are plentiful in the natural diet of cats (ie, consumption of animal tissues).
Vitamins
The vitamin needs of cats are also unique, compared with requirements of dogs and other omnivores. Cats require increased amounts of many dietary watersoluble B vitamins, including thiamin, niacin, pyridoxine (ie, B 6 ), and, in certain circumstances, cobalamin (ie, B 12 ). Pyridoxine is especially important, because it is an essential cofactor in all transaminase reactions, which are constantly active in cats. 2 Cats can synthesize niacin, but their dietary requirement is 4 times higher than that of dogs because of the fact that they have a much higher rate of catabolism of vitamin precursors. 33 Thiamin deficiency can occur in anorectic cats and cats consuming diets high in thiaminase (high in seafood), and it is clinically evident as severe muscle weakness. Because most water-soluble B vitamins are not stored (the exception is cobalamin, which is stored in the liver), a continually available dietary source is required to prevent deficiency. In anorectic or ill cats, daily supplementation with a solution containing multiple B complex vitamins (1 mL of multiple B complex/d) or IV administration of supplemented fluids (2 to 4 mL of multiple B complex/500 mL of fluid) will help prevent deficiency. 34 Deficiency is rare in cats consuming appropriate diets, because each of the B vitamins are found in high concentrations in animal tissues and are added to commercial diets formulated for cats. 2 Vitamins A, D, E, and K are fat-soluble vitamins. Of these, cats have special needs for vitamins A and D. Vitamin A is found naturally only in animal tissues, and it must be provided as the biologically active form in diets formulated for cats because of the fact that cats cannot convert β-carotene (which is plentiful in plants) to retinol (the active form of vitamin A); this conversion is not possible, because cats lack the necessary intestinal enzyme. 35 Vitamin A has a number of vital roles in physiologic processes and clinical health, including maintenance of vision, bone and muscle growth, reproduction, and healthy epithelial tissues. 2 Deficiency of Vitamin A is rare in cats fed commercially available foods and develops slowly with deficient diets, because it is stored in the liver. In fact, deficiencies are rare and only develop in cats with severe liver failure or disease of the gastrointestinal tract that results in fat malabsorption. Caution is strongly advised in supplementation of vitamin A, because toxicosis can easily develop, resulting in hepatotoxic effects or steatitis. 2, 35 The recommended dose for oral administration of supplemental vitamin A in deficient cats is 400 U/kg (182 U/lb) of body weight/d. 34 Similar to vitamin A, vitamin D (eg, calcitriol) is also required in the diets of cats. Cats are unable to meet their metabolic needs for vitamin D via dermal photosynthesis because they lack 7-dehydrocholesterol, which is required for synthesis. 36 Vitamin D is found in high amounts in the liver and fatty tissue of animals, so cats normally meet their needs for this vitamin via their carnivorous diet. The primary function of vitamin D is calcium and phosphorus homeostasis, with particular emphasis on intestinal absorption, retention, and bone deposition of calcium. Similar to the situation for vitamin A, deficiency of calcitriol is rare and develops slowly; thus, supplementation should be approached cautiously and only for cats with severe hypocalcemia, because excess amounts of vitamin D can cause hypercalcemia. The recommended dose of vitamin D 3 (calcitriol) in cats is 0.03 to 0.06 µg/kg (0.015 to 0.03 µg/lb) of body weight/d, PO. 34 Cats administered calcitriol should be monitored by measuring serum ionized calcium concentrations, because they are more accurate and more rapidly reflect potential overdoses than serum calcium concentrations.
The other 2 fat-soluble vitamins (vitamins E and K) are also important and may become deficient in cats that have prolonged anorexia, hepatic disease, or severe intestinal disease with fat malabsorption.
However, dietary deficiency is unlikely because of the fact that commercial foods formulated for cats are fortified with these vitamins.
Water
The water needs of cats reflect their early status as desert-dwelling animals and their development as strict carnivores that obtain most of their water requirements from consumption of prey. Cats have a less sensitive response to thirst and dehydration than dogs or other omnivores, and they adjust their water intake to the dry-matter content of their diet rather than the moisture content. 37 This means that cats eating commercial dry foods will consume approximately half the amount of water (in their diet and through drinking), compared with cats eating canned foods. 2 Feeding canned foods increases water intake and urine volume; thus, it will decrease the concentration of urolith-forming minerals in the urine. In older cats that tend to produce urine with a lower concentration, an increase in water consumption becomes even more important to avoid dehydration and development of prerenal azotemia. However, feeding canned foods or moistened dry foods will increase accumulation of dental tartar and the resulting periodontal disease.
Obesity in Cats
Although figures vary, it is estimated that 25 to 33% of cats are overweight or substantially obese. 38 In fact, obesity is the most common nutritional disorder in dogs and cats in the United States. There are a large number of factors that contribute to this problem, including sex (sexually intact vs neutered; male vs female), age, activity (indoor vs outdoor), and feeding style (meal feeding vs free choice). 39 Neutered male and female animals require fewer calories (estimates of 25 to 30%) for maintenance than sexually intact animals. 40 It has also been suggested that neutering may increase food intake, especially in male cats, and result in disordered leptin control of body fat mass.
c Furthermore, many people prefer to feed their cats dry food that is available free choice. Active cats with a thin body condition that effectively self-regulate their intake may be fed food free choice. However, many inactive cats cannot be fed this way, because they tend to overeat as a result of the increased amount of fat and palatability of commercially available foods. There are a variety of possible explanations for obesity in pet cats, including hormonal changes (eg, neutering), boredom (eg, indoor cats), type of diet (eg, dry CHO-based food), inactivity (eg, decreased energy expenditure), or simple overfeeding. However, although a combination of these factors is likely to be important in the development of obesity, the role of diet in this problem is increasingly being scrutinized. Regardless of the cause, obese cats have many health issues, such as development of diabetes mellitus, joint disturbances or lameness, development of feline lower urinary tract disease, IHL, and nonallergic skin conditions.
One dietary factor that is receiving increased attention in obese cats is the role of CHO-dense diets. Cats housed exclusively indoors and consuming energydense, high-starch, dry foods are provided with more energy than they can effectively use. Any dietary CHO not used for energy is converted and stored as fat. Diets that are severely restricted for energy (eg, traditional low-fat, high-fiber, weight-loss diets) may result in weight loss, but it is often to the detriment of lean body mass. 41,d Many of these diets contain high concentrations (> 15%) of insoluble fiber, which increases fecal bulk and volume, potentially increases fecal water loss (eg, increase risk of dehydration in cats not consuming an adequate quantity of water), and has detrimental effects on nutrient (eg, protein) digestibility. 42, 43 Ultimately, successful weight loss requires maintenance of lean body mass, because lean body mass is the major determinant of basal energy metabolism and is a major influence on whether weight is regained. 44 Several investigators have evaluated the use of a high-protein, low-CHO diet (protein, 45% or higher; nitrogen free extract [NFE], < 10%; energy, 3,030 kcal of metabolizable energy [ME]/kg of food on an as-fed basis) for weight loss in cats. In 1 study, d weight reduction in cats on a high-protein, low-CHO diet was compared with that for cats fed a commercial hypoenergetic diet (protein, 34%; NFE, 45%; energy, 2,600 kcal of ME/kg of food on an as-fed basis). Cats in both groups lost weight, but cats consuming the high-protein, low-CHO diet maintained lean body mass during weight loss. Additional studies are necessary, but this approach to inducing weight loss in cats makes metabolic and nutritional sense providing that they are fed appropriate amounts of food (ie, food is not available free choice).
Canned foods generally are best to provide a highprotein, low-CHO dietary combination. Most dry foods are energy dense and have greater CHO concentrations (CHO > 25% on a dry-matter [DM] basis), because starch is necessary to make the kibble. The typical nutrient characteristics of canned foods formulated for kittens are 45 to 55% protein (DM basis), 8 to 15% starch (DM basis), and 15 to 25% fat (DM basis) with little dietary fiber (< 1% [DM basis]). These characteristics are not far removed from that of the natural diet of cats (Appendix 1).
One aspect of weight loss that has received a great deal of attention in recent years is the use of carnitine supplementation in an attempt to enhance weight loss. In 1 study, 20 investigators revealed that supplemental amounts of carnitine in diets formulated for cats increased lipid metabolism despite an apparent lack of evidence of a carnitine deficiency in those cats. Furthermore, it decreased the amount of time required to achieve safe weight loss in those cats. Oral administration of carnitine (250 mg/d) is recommended for obese cats undergoing weight loss. 20, 21, 23 Underscoring the increased interest in the use of carnitine for weight loss, pet food companies are adding carnitine to their weight-reduction diet formulas, and this should be taken into account when considering the provision of additional amounts of carnitine.
Diabetes Mellitus in Cats
Approximately 65% of all diabetic cats have type-II (non-insulin-dependent) diabetes. 45 However, these cats may be transiently, or permanently, insulin-depen-dent at the time when the condition is diagnosed. This is in sharp contrast to dogs, the overwhelming majority of which have type-I (insulin-dependent) diabetes. 46 Dietary recommendations extrapolated from recommendations for humans and dogs are to feed affected cats diets high in insoluble or mixed fiber. 47 However, with the increased understanding of unique protein and CHO metabolism in cats, these recommendations have been challenged. High-protein, low-CHO diets and low-fiber diets are highly beneficial in the management of cats with diabetes, resulting in a reduction of > 50% in the amount of insulin required in 8 of 9 cats in 1 study. 48 In another study, e complete cessation of insulin administration was reported for one-third of the cats. In another study, 49 researchers reported that contrary to what is observed in dogs, cats fed diets containing soluble or insoluble fiber had altered glucose tolerance. Another study reported that feeding typical adult maintenance diets to cats resulted in development of greater postprandial hyperinsulinemia, even in cats with normal body weights, compared to cats consuming a high-protein diet. 50 Persistent hyperinsulinemia may lead to decreased mobilization of nonesterified fatty acids (or possibly re-esterification of fatty acids); thus, it could potentially lead to weight gain or obesity in cats consuming typical maintenance (high-CHO) diets. 50 In obese diabetic cats, high-protein, low-CHO diets reduce postprandial hyperglycemia but also decrease the overall insulin requirement. Furthermore, canned high-protein, low-CHO diets result in weight loss that will ultimately reduce obesity-induced insulin resistance. Unfortunately, not all diabetic cats have adequate function of β cells, especially when the hyperglycemia (which causes down-regulation of β cells through glucose toxicity) or insulin resistance (attributable to obesity or other causes) has been a longstanding condition. 45 Nevertheless, a reduction in dietary starch will substantially reduce the insulin requirement (endogenous and exogenous) in affected cats. Thus, the earlier that obesity and hyperglycemia are recognized and corrected, the more likely that the injury to (or down-regulation of) β cells will not be permanent. Several reviews have been published on management of diabetes in cats, including use of insulin therapy, oral hypoglycemic therapy, and other aspects of management of this common endocrine problem in cats. 45, 51 
IHL in Cats
Idiopathic hepatic lipidosis is a common hepatobiliary problem in cats, especially cats that are obese or stressed. It is the most common metabolic hepatic disease of cats. 52 Despite the concerted efforts of many clinicians and researchers, the etiopathogenesis of IHL is still incompletely understood. It has been suggested that IHL is the result of a combination of factors, including excessive peripheral lipid mobilization (as a result of cortisol and catecholamine release attributable to stress or illness) and subsequent development of nutritional deficiencies in the formation of lipoproteins and the mobilization of triglycerides. 20, 52, 53 Various nutrients may be involved in the pathogenesis of IHL, including (but not limited to or proven) taurine, carnitine, arginine, threonine, citrulline, choline, nonesterified fatty acids, and B vitamins. Additional studies are required to elucidate which, if any, of these nutrients may be critical to development of the lipid and lipoprotein derangements that characterize IHL. Nonetheless, successful treatment of IHL is based on early intervention and, in most cases, placement of a feeding tube so that adequate nutritional support can be provided. 54 In cats that receive early aggressive nutritional support, the prognosis for survival approaches 90%, but in cats not receiving such treatment, the chance of survival is only 10 to 15%. 55 The best diet for treatment of cats with IHL is unknown, but evidence clearly suggests that dietary protein reduces hepatic lipid accumulation and maintains nitrogen and energy balance in cats with IHL. 56 Furthermore, although ingestion of CHO reduces hepatic lipid accumulation, it is ineffective in preventing clinical manifestations of IHL, which are likely attributable to the need for protein and other nutrients that cats derive from a meat-based diet (eg, carnitine, arginine, vitamin A, and certain B vitamins).
Carnitine improves hepatic lipid oxidation, arginine is essential for proper function of the urea cycle and metabolism of dietary proteins, and B vitamins are essential cofactors that are necessary for multiple pathways of protein and lipid metabolism. Supplemental amounts of these components most commonly recommended for cats with IHL have been identified (Appendix 3). In general, the keys to prevention and treatment of IHL are to recognize at-risk cats, develop plans for management of obesity, aggressively treat anorectic cats regardless of the cause or the cat' s body condition, and remember that cats are true carnivores and that even those in severe hepatic failure need protein. Cats with signs of hepatoencephalopathy may require diets containing a lower percentage of protein than is found in maintenance or recovery diets to reduce ammoniagenesis (30 to 35% protein on a DM basis), or they need diets with other types of protein to reduce formation of false neurotransmitters (eg, less aromatic amino acids). Several reviews have been published that provide information on the diagnosis of IHL or specific medical treatment of cats with this condition.
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Dietary Intolerance and Inflammatory Bowel Disease (IBD) in Cats
Dietary intolerance is a non-immune-mediated, clinically important cause of gastrointestinal tract disease (eg, vomiting and diarrhea) in cats. It can be caused by a number of substances found in diets formulated for cats, including protein and CHO source, flavorings, and preservatives and additives such as colors or extenders. Despite the wide array of potential causes of food intolerance, removal of the offending substance from the diet will cure the problem. Conversely, IBD in cats is an idiopathic, inflammatory, immune-mediated disease of the intestinal tract that dietary and immunosuppressive or anti-inflammatory treatments may control, but we do not have a clear understanding of the cause of IBD. 57, 58 It is likely that IBD is triggered by an antigenic response to food, bacterial, or parasitic antigens in the intestinal lumen by immune cells of the gastrointestinal tract. The mechanism by which this normal inflammatory response becomes aberrant and persistent, ultimately resulting in chronic severe inflammation (ie, IBD), loss of normal gastrointestinal function (eg, vomiting or diarrhea), and, possibly, the development of neoplasia (eg, lymphoma) in the gastrointestinal tract of some cats, is unknown.
Several possible causes have been investigated in humans with IBD, with a great deal of research focused on the role of bacteria in the development and persistence of the aberrant immune response. 59 Direct supportive evidence for a specific role of bacteria in the development of IBD in cats is lacking, but several aspects of digestive physiologic and intestinal microbiologic characteristics of cats suggest a possible role for bacteria in the disease. First, cats have higher concentrations of bacteria in their small intestine (approx 10 9 organisms), compared to dogs and people (< 10 5 organisms). 60, 61 The reason for the increased number of bacteria in the small intestines of cats is not known, but it may be attributable to their expected carnivorous diet and shorter (relative to dogs on the basis of body size) gastrointestinal tract. It has been suggested that increased numbers of bacteria in the intestines serve to enhance digestion of proteins and fats in diets typically fed to cats. 55 Conversely, diets higher in CHO or fiber may influence bacterial numbers or species, altering bacterial flora in ways that may include overgrowth of nonbeneficial or pathogenic species. To the author's knowledge, there have not been any studies to evaluate the effects of a moderate-to high-CHO maintenance diet, compared with effects for a high-protein, low-CHO diet, on the numbers or species of enteric microflora in cats. Nevertheless, because the natural diet of cats is a high-protein, moderate-fat, low-CHO diet, it seems reasonable to assume that enteric flora and anatomy of the gastrointestinal tract of cats would be designed to accommodate these diets more readily. Because IBD and dietary intolerance are common causes of clinical gastrointestinal tract disease in cats, this is an area of investigation that requires further concentrated effort.
Conclusion
Although a simple change in diet will not solve all of the ills of affected cats, it is reasonable to believe that their lives are influenced by the foods they consume. There is no question that nutrition plays a key role in obesity, diabetes mellitus, IHL, and, probably, IBD in cats. However, these problems are clearly complex and involve multiple factors, including genetic and environmental influences as well as the nutritional factors described previously. Nevertheless, veterinarians cannot ignore the unique nutritional needs of cats, because unlike omnivorous dogs, cats are cats and true carnivores. 
